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(54) Innplantable cardiac stitDulating device 

(57) Apparatus for dppiyirtg Hinal .-tnci veniriculHf 
iher^pes 10 tfie heart of a paneni u.sing an implaniod 
catciojc: simnuidtmg device Atrial and venincular heart 
[-ites Hre rrio.nitored and an^^lyired to doteraiitio whf^ihor 
[lie paiienl is ^ufferirq frcrr an atrial or venincular ar- 
(hythfrta r-irc] to determine whrit type of therapy is ap- 
piopnate to apply ;o Ifie M(3ari Aln^l 'lOd venincular 



hoaM fi-ilos are compared to determine if the ventnculnr 
heart rate exceeds the atrial hear, rate and to detcrmne 
wheihef the ventncutar heart rnte s stable An early .-itrt- 
ai sttmijlation pulse can also bo aoplted to doiermme 
whether ;he ventr cular heart rate follows the air lal heart 
rate Atnal and vcritncular therapies a'O -ipphed 'o the 
fieart based on tnese determinations 
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Description 

"'^ 3 invorMior^. \c\h\ns :c iri^pi^intatlc ca-cjiric stinnu- 
l^l'r-q aeviC*5S vvl-nch provicJo --irhrir rhylhmi:-i ther^Dies to 
thei^enft eg ^nllt^^c"1yc-■l■cJl-l '-MrdiOvOrsio'i dficj de 
'ib'itlhlion 1 ^nci rr^oic Dnrticulni iy lo nn .inprovGfJ 'noin- 
oci .-ind sy-i\c\'f^ 'or eiisc'.niin;-j\ii''.q bctwfson atrial and VGtv 
Ificuirif .i^fhylhuniH'i by -jriHly/ing Iho atrial I df'd ventricu- 
lar ho^n rates HPO depending on such dOalyGis apply- 
ir-q Cri\rj\rAC ihofHpy m [he appropriate chambef cf Iho 

Cardiac stirriLialing vlfiviccs such as oacemakers 
and cardiovortcr dcfibnliators a\e well known A vai :ety 
oi dffvices afo piesenny available that -<pp:y electrical 
pulses to a paneni s heart in order (o ma.ntam a healthy 
heart rhythnn The simplest cardiac stimulating devices 
apply pacing pulses to the paticnr's heart a! regular pre- 
dolofmineo internals More sophisiicaloa devices mon- 
ilof Ihc vaiiGus heartbeat signals withm a patient's heart 
so th^( :he strength ^r^d liming of the eiectrrcai pulses 
applied to the hean can be specifically tatiorcd lo the 
patier-.t's; varying needs 

Cardiac siimuiatmg devices coriiam doteclion cir- 
cuitry io sense the patient's internal heartbeat signals 
via lerjds conneclea to the noarl For example a bipolar 
lead connected to the patient's ventricle can be used to 
sense the patient's ventricular heart rate By analy/mg 
tMe 'H'.n and (he stability of the vcrUficuiaf h(}artbcat sig- 
nal some conventional caidiac siimulatmq devices are 
capable of determining whether the palient is suflenng 
from an arrhythmia Such as venincuinr 'nChycardM la 
condition m which (ho fiearl oeals loo quickly i of fibril- 
■atior^ I a condition in wtuch Iho f' enrt quivci s ohaotic-illy i 

CaicJiac stimulating devices typically differ -n. the 
type of stirnulatico therapy that rnay be delivered to the 
pniienfs heart m response to a detected HrrhythrTiia 

Ant.:achycardia pacemakers for example attempt 
10 tCfmmate detected venincular tachycardia episodes 
by fipplying one or more bursts of fairly weak antitach- 
ycardia stimulation pulses to the parent's heart fvlore 
sophisiiCrited devices contain cardioversico cncuilry 
whiCh allows synchronous higher energy carciioversion 
stimulation pulses (e g 0 5-5 J i to be used lo terminate 
the arrhythmias Cardiac stimulating devices wilh defi- 
brillation capabilities can apply higher energy electrical 
stimulation pulses (0 g 20-40 Jl The various antitach- 
ycardia cardioversion and defibrillation stimulation 
pulses that are applied to the heart areall known as "car- 
diac siimuiat.on therapies " 

Typically the various cardiac therapies are applied 
to tfie heart m a tiered fashion 'miiai attempts lo termi- 
nate an arrhythmia use the least aggressive methods 
such as applying bursts of antitachycardia pulses to the 
heart H this faiis to terminate the arrhythmia or if the 
arrhythm a accelerates in ra'e a cardioversion shock 
or uiiimately a defibrillation shock may be applied 

In order to determine whether a pationt is suffering 
iforn rin episode of tachycardia thai shoukj be terminat- 
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sV.J Oy ;hO .-ipphC.fhon ol a i.-'litliO ::'■■>': r-n:.y Cd'CJi-jC M i^ ■ 
uLiting dovces typic.illy rnoasu'c the rnto of a palienis 
venir.cular heartbeat ^nd monitor itb sfabilily The '.ita- 
bi;!ty lOr logulanty of the tirntng, of a oalrent's neaftooal 
Irom D(?-it fc beat s indicaiivo of the pr-jiiencs c.i^(^\^c 
condition because as is well known a (icrmal t-unnn 
heaf^t^eat is somewhat unstat-)le whoreus cardiac ar- 
rhythmia's ■- such as facnycarcJia episodes -- jre often 
stable One ol the reasons that many ventricular lacny- 

'0 cardia episodes are slab'O is IhHi ihey are sometimes 
caused by electrical Heartbeat sqnais that have 'OCir 
cuiated Within the heart by a feedback p^ir^way A tdcfv 
ycardia ep isode that is caused by the 'eedbac k cf hoan - 
beat signals tends to be stable Vai lous aigontfuns fiave 
been developed for determining whether n patients 
heartbeat should be classified as "stable' For example 
the period of the most fcccnily mcasuied ventricular 
beat can be compared to the imr^^cdiaioiy p.eceamg 
beat or can be compared to a running average of recent 

-0 heart beat pencds 

If the ventricular heart rale exceeds a prcdotcr- 
rninod vcntncutar tachycardia threshold rate 'e g i 50 
beats per mmute "bprn',- and if the beats arc dctcrmi-icd 
to be stable then appropriate ventricular ihorapy c^ jn be 
applied to the patient's heail Although ihis [ochmc^ue is 
gerTerally successful for termmalmg many potenlially 
li*e throaloning lachycardtas there are some crcum- 
stances m wtncl-i a more sophisl>calcd approach wouic 
bo preferred 

For example occasionally a patient's ventricular 
heartbeni m^y exceed .-i predetermined ^O'Mncular 
lactiycardia threshold and be relatively stable ■ nofr.il* 
ly .nn indication that vcnlr cular Ihor.ipy ^noulC be tp 
plied ll cnay be however that the e'evated vonUicuiar 

-•5 heart rate is due to rin atnat arrhythmia that h*-is pro- 
duced elcictrical signals Ifiat fiave propagated to the 
ventricle Atrial ririhythmias are undesuable but are typ- 
ically not lifo-lhreatetTing because the ventricles of the 
hearl can continue tc effectively pump blood even f the 

'0 atrial heart chambers beat arrhylhmicaliy 

If <\ patient sutlers from an atrial arrhythmia that 
causes a corresponding ventricular auhythmia apply- 
ing ventricular electrical pulses to the patient's heart will 
usually be mctfeclive at (crminating the arrhythmia cp - 

j5 sode Applying ventricular therapy to the patient's heart 
in these circumstances may actually be harmful bo- 
cause the ventricular electrical pulses may mmatea ven- 
tricular tachycardia episode or induce fibrillation 

Further using conventional criteria for detecting 

50 ventricular antiarrhythmias therapies are lypically only 
applied if the vontncLlar heartbeat is found to be rela- 
tively stable using a stability analysis algorithm Howev- 
er occasionally a venincular arrhythmia may occur that 
IS not sulficiently stable to be conlirmed as a ventricular 

55 episode using conventional stability algorithms Some 
arrhythmia episodes in which ventricular therapy would 
be appropriate are therefore not treated Those epi- 
sodes could however be dolecled if atrial and venincu- 
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i' 'bo^:i SiQfirij^ -vofo ^-innly/eci p'Ope''ly 

Wh^i 15 fieedeo ihcrclorc ts .=i cdf^dkK st-friui-tM^q 
wovico [hat Goes not iopiy veninculaf therapy lo h p^- 
:ionrs he-.iri if the vcviL-icuinr heart acrhyihmM is due lo 
.-in citfijl <.irr:iythmi^ condition but which applies ven- 
tnculdf it^GTHpy when nn analysis Ot the p:.itionfs \/nr,- 
I.'fCLilaf nna 'iirial heaM rales ;ndicates ihai it pfopcf 
to rjo so M desired ine Crirdfac siinnuiaiinq device cobio 
also -ipply atririi thor-ipies to the patiBfii's heart 

Acccfdinq lo ore -jspeci oi the invention there is 
provided an implanijibio cardiac siinulai ng device 'c 
n^omtorinq and stimulating the heart ol a palionl. the de- 
vice comprising incans tor measuring intrinsic atrinl and 
vonuiculai heart rifles cfv-^raclenscd m thai Iho device 
luMhcr comprises rnio determining nnCdns (or dcteirntn- 
mg /whether the vcnincular heart rale is less than equal 
to cr exceeds the atrial heart rate and veninculaf stim- 
ulation means for applying ventricular stimulation ther- 
apy to the heart when the rale determining means do 
termmes that the ventricular head rate exceeds the atrial 
■lead rate 

Accordu^.g lo another aspect of the invention (hofe 
IS provided impiantaplc cardiac stimulating dev^ce for 
moniiorinq and stimijiating the hoar* o( a padent 'ho de- 
vice comprising moans for measuring intrinsic atra^ and 
veniMCjIar neari r^ic characterised m Ih^-tt the device 
(uriher 'Comprises rate dciormining means for dotermirv 
ing whether the atrial ho,=irt rate exceeds the vcn'/icutar 
heart rate staoihty doiCfmiOtng means for determining 
wneincr the ventricular heart rale is stable and means 
lO' applynAq vcntrtculat Gtimulnlioi^ therapy to the tir.art 
.vhen ihe sinbiifty detoirnin'ng means dctcrn-ines ihai 
tne vOfVnc jiar '-.Srir' r-tte is stable and the r^le deicfrnm- 
■nq morjns determines that the ainai heart rate exceeds 
:no venmcular hc^'t rr-ito 

fhc iftvention also extor'ds lo a method for monitor- 
ing and stunulating the heart of a patient wtth an implant- 
able cardiac stimulating device comprtsmg the steps of 
measuMog an atrial heart rate and a venlncular heart 
rate determining whether the ventiicular hearl rate ex- 
ceeds the atrial heart rate and applying ventricular stttTi 
ulation tneidpy to the heart when the ventricular heart 
rate exceeds the atrial heart rate 

The inveniion also extends to a nnethod of monitor ■ 
ing and Stimulating the heart of a patient With an implani- 
abio cardiac stimulating device comprising the steps of 
measL.ring an atrial heart rate and a ventricular heart 
rate detertTritning whether the ventricular heart rate ir, 
Stable determining whether the atrial heart -ste ex- 
coeds the ventricularhcart rate and applying ventricular 
stimulation therapy to the heart when the ventricular 
heart rnte is stable and the atnal heart rate exceeds the 
ventricular heart rate 

In accordance with the principles of the present in- 
vention inrpiovod methods and apparatus are provided 
for (toplying atnal and ventr.cuiar therapies to the heart 
o' a patient wth an implanted cardiac stimulating device 
Tno atrial and ventricular heartbeat signals of the pa- 



i-ont ho^i.'i ,,;fO rT^omtOfCd to ce:errri re ■.■vnoilVM .-I'n^n 
-nd ver^lfiCj'ar thetapins should be .loplied 

Compared with previously known approaches lor 
.-ipply.ng cardiac therapies wnich wote both over - and 
.jndGf inclusive the present loc'imque allows CHicjiac 
therapies to be applied more accurately by cinaiy/ing the 
(^^easurecl atnal and von'jtcular heart rnies 

For example convtjntional cardiac siimulaung de- 
vices do not apply ventricular therapy unless !he ven 
:ncu!ar heart rale is determined !o be sufficient y st/ibio 

With the present approach vontncutar thcapy 
apoliCd even if the; ventricular heart 'ale is not stabio 
so 'ong as the ventricular heart rate is determnccj (c ox ■ 
ceed tne alnal heart raio 

Secondly oecauso of the possibility o! polymorphic 
ventricular tachycardia ;or a less o'gam/ed vernncuia' 
tachycardia ! hemg present rilong wUh a rapid atrial tnic 
(such as atrial fibrillation) then vonincuiar fherapy is ap- 
plied even .f the ventricular heat rate is not Stable so 
long as a predetermined upper rale limit is aitcjinc^d 

Whenever the ventnculai heart 'ate is less ittan the 
atrial rate the present invcnt.on ml ates a more detailed 
nssessmenl of the armyihrr.ia F()r 'ixampic if the ven- 
tncutar rate equals the alna 'al%> pcssiDic cajbes may 
bean accciorated smus rhythm a suDravontncuiar idch 
ycaidia or a ventricular frichycard a w th t t foirograoe 
conduction Both Uic supraventricuiaf tacfiycaidia and 
the ventncu ar tacl-iycardia would bo expected :o have 
cpod stability 

^0 Thus the present rvontion act'vaies a siabihty do- 
icr'-nmalion steo whenever tf>o ali<ai '^eart rale is greater 
than or equril to the ventnculrir rate I he preson! inven- 
tiQr^ tl'cn Hc; va!e.sa liaok:nq delerm.naiior': slOp when- 
evef !fie .ilnai fiea t rate iS equal lo the vonincuiai nead 

-■^ (ate to (Jeterrnine if tracking IS occLjiririq TracKing is de- 
tcrrnned by generating <) pieinature atriai stirTijintion 
pulse and verifying that ihe venl-icular c^^an.nel has re 
set The combination of ifiose ihroe dctcirnmaiions (sta- 
bility rate and irack.ng) enables Ihe present invention 

-0 to distinguish between atnal and ventricular arrhythmi- 
as 

For example if tne heart rate is very slaole and 'he 
atrial heart rate exceeds the ventricular heart rate 
ithereby indicating no tracking) then a ventncu ar tach- 

^5 ycardia is presumed and ventricular therapy is applied 
If the venlficutar heart rate is stable and the ven- 
tricular heart ^ate equals the atrial heart rate then ap 
ofopriate atrial therapy can be applied so long as ven- 
tricular beats are tracking the atrial beats 

^0 If on the other hand the vcr^tricular heart rate is 
stable and the ventricular heart rale equals the atrial 
heart rate, anci the veniricutar channel cannot be reset 
then ventricular tachycardia is presumed and ventricular 
therapy ts applied 

Alnal therapy can also be applied if the ventricular 
heart rate is not stable (initially indicating that tlie rhythm 
may be of natural origin) put furthei testing indicates that 
the dirtal hear: rate exceeds the verUMcular heart rate 
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ihL-':"l;y ^dic-i: tig 'ho .i"ny;hin,H is i'( qin.tlifig r 
:hc vMum 

Ti"o "iDcvG '.tnd other ncJvdnidqes ol !ho mvcnhon 
wil! oc Llpp^H^ent upon conbiderHtton ol Iho folicwrnq do- 
trjilec cJcGCripiiOP taken n con'unction Wilh the .^ccom- 
p.-3nyinc; dfriwinc^s in wfiich liKe reference nuruerdis fo- 
let !o iko pat's tni-ouqhou: anc >n which 

FIG. 1 ;S d Si.nnplit ed scnerriHtic diagrnm of the im- 
pirinuiDlc Ccird'tic stimuintinq device of the present 
lOvcnuon snown connocied to piitient's hcait by 
nn I lustr?jtive ;jarr of leads and 
FIG, 2 is a flow cUhn di^^qram of cciiam steps per- 
ornned by the oirdiHC s; rnuialmq device o( FIG. 1 

Pioviously-known cdrdiac stirriulating devices have 
botfi ovor- ^nd under-apphed ventricular therapies to 
patients hearts For example ventricular therapies 
have boon ovcr-applied wfien measured ventrtcuiar 
heart rates have exceeded a pfedetfirmtnod threshold 
rale and have been dcternmned to be stable in those 
c.rr.uir,s:ances conventional cnrdiac stif^njiating devic 
es n-^ve uniforrniy applied ventricular therap es Howcv 
er this approacn for dotermmiruj whether venlncular 
;herapy IS warraniod is over-mclusive because it docs 
not lake mto account the possibiiily that the ventricular 
arrliythrTiin inay be cue loan atnalarrhythnma if the ven- 
tr.cuiar airnythrnta is caused by an urderiymq atrial ar- 
'hythmia ventricular ihorapiGS will usually be ineflec- 
;!V0 f^ufthor if such ventr(cular therapies are applied 
■;hey may adversely affect the patient's condition lor ex- 
arnpio oy precipitating a more serious cardiac event 
suc'i a vontiicular fibrillation 

Previously-Known cardiac otnnulalifiq devices have 
also under-aopltcd ventricular tnerapios because the 
conventional approach of applying therapy only if the 
ventricular beat saiisttes various stabiiily cnierta occa- 
sionally fails to identily certain ventricular arrhyihnmas 
Various algorithms 'or determining if the ventrtculcif boat 
15 stable have been developed and are well known Al- 
though such algotithms are gorcraily saiisiactory lor de- 
tGrminifig whether a ventricular oeat is stable ar^d thus 
corresponds to an arrhythmia some arrhythmias re- 
main undetected 

Tne shortcomings of conventional cardiac stimulat- 
ing devices are overcome by the cardiac stimulating de- 
vice of the present invention A cardiac stimulating de- 
vice '0 constructed in accordance with the invention is 
shown schemattcally in FIG. 1 The operal'On of the car- 
diac stimulating device is controlled by a control unt 1 ? 
and control circuitry 14 The control unit 12 which is 
preferably micioprocessor-bascd executes nstruc- 
tions stored in memory 1 6 The control circuitry 1 4 pref- 
erably conldins suitable circuitry for sensing mo pa- 
tient's heartbeat signals The control circuitrv M also 
p^C'crably contain? sulabie circuitry for Ljeneratir-g ap- 
p'Op'iate e ectncai pjiscs to be applied to :hc patient's 
fieart 18 The control circuitry t 4 is corrected to the oa- 



I i:ri''s no.ift 1= vr.i leads in'G 

Preferab'y the anaru"}omcnt o' ;'io loaos 20 hIIcws 
t)Ctti ,-Jtrial and vcntricuia- heartbeat sit^n-Ks ;o oe 
sensecj Any suitable lead conficuraticn can bo -.isod 

^ Kor example two bipolar leads lOre :onncc;oc to u)0 
-itfium and one to the vontncloi cm bo used to sense 
both atrial and ventricular heart activity /md lo .-ippty Hp- 
propnaie electrical pulses to the heai; H nesired the 
leads 20 can incorporate one or mo^c patcf^^s or otnof 
suitableelectrodos Profoiabiy itie leads 20 are suitaote 
for ailowing the cardiac st mjlatng device lO '.c cci ver 
carcj'ovorsion and defibrillaiion puisos lo the ^^cart 

Some of ihc parameters that atfect the ooeration cf 
the cardiHC stimulating device lO are preferatry selocl- 
ed by a physician The physician programs parameters 
into the cardiac stimulating device lO using a conven- 
tional programmer (not shown) The parameters select- 
ed by the physician can be loaded mto the cardiac stuTi- 
ulatinq device lO using convoniional telenrsetry For :his 

-'f' puipose (he cardiac stimulaling device 10 preferaoly 
has telemetry circuitry 22 for receiving the programming 
data 

Although (he cardiac stimulating devcc 1 0 prefera- 
bly nas pacemaker antnachycardia capabilities as well 
as cardioversion and defibrillation capab.iities ihe if?a- 
UKcs of tho present invention are equally applicable to 
a number of various cardiac stimulating device contigu- 
ratiors For example the cardiac stimulating device lO 
can provide only the functions of a pacemaker with an 

-•^ antitacnycaidia capability (such as the ability to apply a 
burst ol puisQS to a patient's ventr cie' oi thr^ functions 
of a cardioverter-d(3libn.:ator with no paccr^^aker and 
!,(Cnyca'dta I jnclions 

Tho cardiac slimuialing ciev-co lO of tbe ptcsont ip 
vention nllows cardiac therapies to be applied more of 
tectively than has previously been pcss blo in oar! by 
moniioring both atrial and ventricular neartberi: signais 
and by comparing the respective atrial and ventnculnr 
heart rates A number of the steps involved m delermin- 

'0 ing tho appropriate cardiac therapy to apply to a pa 
lieni'5 heart are shown in FIG. 2 

The ventricular heart late V and atriaf heart rate 
A are measured by the cardiac stimulating device iO 
(FIG. 11 at step 24 At test ?6 the cardiac stimulating 

^5 device 10 (FIG. 1) compares the measured ventricular 
heart rate V to a predetermined threshold value V-p^ 
{0 g 1 50 bpm) which has been determined to be a rate 
lhat corresponds to a value lower than the tachycardia 
rale for a paaicular patient The preceiermmed Ihresh- 

•^0 Ola value Vjh ^^^y be derived m any ol a variety ol 
methods for example V-h could be basetJ on the :ast 
cycle length or tne average of several cycle lengths etc 
It the measured ventricular heart rate V does not 
exceed the predctorm nod ventncjiar tachycardia 

^5 threshold Vth then control loops back to step 24 Dur- 
ing the ^jroccss of looping back the various other func- 
tions of :he cardiac stimulating device 10 (FIG 1) that 
a-eneccssary for ihooperation of thedcvice can be oer- 
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Ihe :;rc«:JotGrn"ir^ed veninculri^ thtf?shold th;M^ inr 

rarc):n(: sturiulrtiinq ncvico :0 ;FIG. 1. cJolerrTiines 
whnihei the verHncuiar hc^^rt fdic V excGGCJs ^ higher 
;nrec-hoitJ V,^.,^.^ !c g 220 bpm] ^tiest2B fhisopnnnHi 
Slop .iilows vontr'cuia.' therapy to be applied lo the pn- 
?iefts ho;-in nt step 30 n iho oven; that the vcntncjirii 
hoHM ;,.Me exceeds h roiatvoly high rate When this \Me 
is •exceeded il is itkeiy '.hat the pntient is suflenng fforn 
o poiymofphic ventnculaf tachyc^ifdia which wcuid bnn- 
ef:: '^om (he rippucntion of venincuidr therapy 

■\ the rnoasurod vontftcular heart rate V does not 
exceed ;he tnreshold ^^^-^^ -^t test 32 it is deter 

mined whether or not Itie ventricular hc^it r^ite V ex- 
ceeds the atridl heart rate A It the ventricular heart rate 
V exceeds the atrial heart rate A the heart is expen- 
erictoq n venficuiar anhythmia that is ttealed by apply- 
■ ng ventricular therapy at step 30 K the ventricular heart 
rate does not exceed the atrial heart rate then suitnblo 
convoniional Stability cntcna are applied at test 34 to 
JcterrTiinc whether or fiot the vontucular heart rate V 
.3 stHble 

!( iho vcrv.ricuiar heart rale is stable then .it test 36 
;i IS iijriher delcMmined whcthe' or not the ainai heart 
r^te A. exceeds the ventricular heart rate ViMhe atrial 
hOrtft rate A exceeds the venirtcutar hcan (ale V then 
verMricuiar:herapy isappiicdat step 30 i( iheatiial hear: 
me A does not exceed the veniricular heart rale V at 
(est 36 men :he atrial diid venincular hean r^ies aro 
ocjudi In this Situation ii is dosirablo to diflercniiate be- 
tween ;hose ventricular rurriythnnias thai are directly the 
i05^. I 'jt ^(rial ar/hythrniHS rind those that are indoponc- 
OfM vontucular anhythirnas Thus al stop 35 ati 
pnCtng pulse is preferably applied that is slighlly ad 
vancod relative tO the measured atrial rhythnn For ex 
ample if the measured atrial heart rale is 180 opm then 
an dtriai pacing pulse can be applied at a rate of 200 
bprn if It is determined at test 40 that the ventricular 
pulse rate is unaffected by the early pulse then ventncu- 
'ar therapy is apptiec at step 30 tJ at test 40 it is deter- 
mined that the early pulse results m a resetting of (fie 
veninculai heart rate ti e the ventricular puise lollows 
the early atrial stimulation pulsel then the vcntr cular 
arrhythmia is the result of the atrial arrhythmia and no 
ventricular therapy is applied This is in conUast to pre- 
viously known cardiac stimulating devices in which al. 
stable ventricular beats exceeding the ventficular tach- 
ycardia threshold resulted in the application of ventncu- 
lat therapy regardless of whether the cause o! the ven- 
tricular arrhythmia was due to an atrial arrtiyihmia a 
cof>d!L!on best not treated witn ventricular therapy 

.■ the ventricular neart rate is found to be rose! al 
lest 40 appropriate atrial Inerapy (such as bursts of atn- 
ai stimulation pulses etc ) rnay be applied to the pa- 
licnt's heart at step 42 The application of atrial Ihc^apy 
a: step 42 is cpticnal and the decis.or o^ whether to in- 
voke Htnal therapy is preferably made by the physician 



ho- rKHrr^ple 1.' inr pny.3 ;;i,-|r- oO!c:r'^ines ^hnl h p^ij'.y-il 
dOGS not su'ler I'Om .i'.t -irrhyttrrHH:n l^en -lU h; Ikm- 
..-ipy '.Mil noi bt: acpiieo 'Ggardlcss ol the res^ilts o' lost 
40 

I,' ^t 'est 34 ,t v^as dc:er'"i:r^ed that the ventnc^.Iaf 
near: rate was not stable tnen ai test -^4 tne car:jiric 
stimulating device lO (FIG. 1. dctcrrriines whether the 
atrial heart rate A exceeds the ven'ricular hOciM 'ate 
V i it is doiefn^ineo ihaitho /itnai heart ta'.e A exceeds 
'0 the vcntncu'/ii hcaf. rate V at test 44 then cption^l atri- 
al 'herapy rnay ba apohCC at step 4? it the alr al heart 
rate 'S not found to exceed the vontncuiar neart rale at 
test 44 ihen the atrial and ventricular heaM rarer, are 
equal which ir^dicaies that the patient is prooab'y cxhrr;- 
.ting a normal - a'bCtt elevaied smus rhythm Thus 
no tlie.'-ipies arc applied if the ojtcome of test 44 is neg- 
iilive -ollowing a negative outcome of test 44 and fol- 
lowing the appijcaticn ot air a. and venirvcuiar therapies 
a( steps 42 and 30 ccnlrol returns to stec 24 via loop 46 

:o 

Claims 

1. An implcintat;le card ac stimulating device for mon- 
-5 icnr^g and siiniuiaiing inehoart o' a pat'Cnt the de- 
vice cor^priS:ng rrearis for measuring mlfinsic atrial 
and venti K^u'ar head rates characterised in that the 
vj(?vic:e further comprises rate deternnininq moans 
lor determining whietner the ventricular heart rate is 

•J*' iess than ogual to or exceeds the atn-ii nead rate 
^nd veritriuijiar slimulaticn means for -ipplyinq von- 
tncuiar stirnuintion therapy lo Inc heart wtien 'he 
i--t;o dGtemi.n.nq rrcans doterniros that !ne vor- 
M r.-..;lai heaf\ ra\e oxccods the alnal -^oat; taig 

2. A device as cmrnod m Claim 1 characicnsed by 
stabiiily determining means for determining whcih 
or the venlricjlaf heart rate 'S stable wherein a sta- 
ble veniricula' heart rate Dfovides an indication thai 

-to [ne rhythm is a tachycardia and ar^ unstable verv 
tricular hear^ rate provides an indication thai the 
rhythm requiios further testing to deterr^me i( is 
ol natural origin 

3. A dftvice as claimed iri Claim 2 characiorisec by 
means for acdvatmg tne stability determin>nq 
means in response to the rate determining means 
determining thai the ventricular heart rate does not 
exceed the atnai heart rate 

vO 

4- A device as claimed m Claim 2 or Claim 3 charac- 
terised by atrial pulse generating means for apply 
ing an atrial stimulation pulse to (he heart at a rale 
siighily faster than the measured intrinsic atrial 
S5 heart rale and reset determining means for deter- 
mining whether the ventncuiar neart rate is resel by 
tfio atrial stimulation pu^so whereby the resetting ol 
the ventricular hear! rate provides ari indication that 
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6. A device as claimed m Clainn 4 or Clciim 5 chr^rac- 
le'issdbyatri^ilstimulalion means forapplyinqatrial 
stimulation therapy to the heart when the stabthly 
aetermining means determines thai the vcn;r»cular 
heart rale ts stable the rate determining means do- 
icfmioes thai the atrial hoart rate is equal to the ven- 
tricular heart rale and the reset determining means 
de'or mines th^i the ventricular heart rate ts reset tDy 
;he atrial stim-jlaiion pulse thereby indicating ihat 
:he ventricle is tracking the atrium and an atrial ar- 
rhyihmia :s present 

7. A device as claimed m any of Claims 2 to 4 char 
-icterised m that the ventricular stimulation means 
anplies ventricular stimulation therapy when the 
stability determining means determines that tt-ie 
vcotrtcular hcait rate is stable and the rale deter- 
mining means determines that the atnal heart rate 
oxcoods the ventncular henrt rale Ihoroby indic^t- 
.nq a venuiculai autiythtTMa is present 

a. A device as claimed m any of Claims 2 to 4 chnr- 
-ictcnsed by atrial stimulation means for applying 
alfial stimulation therapy to the heart when the sta- 
bility determining means determines that the ven- 
tncular heart rale is not stable and the rate deter- 
mining means dclermtnGS that the atrial heart rate 
exceeds the ventricular heart rale thereby indicat- 
ing an atrial arrhythmia is present 



determined threshold ventricular heart rate thai is 
greater than the first predetermined threshold ven 
tricular heart rate, and wherein the ventricular stim- 
ulation means applies ventrtcular stimulation thera- 
py when the ventricular heart rate exceeds the sec- 
ond predetermined threshold venlrirular heart rate 

10. An imoiantabie cardiac stimulating device for rnon- 



itoi-f^q ar^o s!itntji,-jiing ino hOrirt or h p<-;'icnt ;ho do- 
vico coinpnsing means for rncasurinq nlnnstc itri 
a! and ventric'^tar heart rate chaiacterised in thai 
the device further comprises rate deiermfmng 
means for determining whether the atrial ricart r;i[e 
exceeds the ventricular heart lale stability aeter- 
mimng means tor determining whether Iho ventricu- 
lar heart rate ;s stable and means for applying ven- 
tricular stirrulation therapy to the heart when the 
stabrlity determining means delerminos that the 
ventricular heart rale is stable and the rate detor- 
minmg means determines that the amal heart r.-jte 
exceeds the ventricular tieart rate 

'5 11. A device ds claimed in Claim 10 characterised by 
means for ricltvating the stability delermiriing 
moans m response to Iho rate determining means 
determining Ihat the atnal heart rate is qicatcr than 
or equal to the ventricular heart rate 

12. A device as claimed in Claim 10 or Claim 1 1 char- 
aclorised by atrial pulse gcneraiing means for ap- 
plying an atrial stimulation pulse to the fiearl at a 
rate slightly faster than the measured intrinsic atnal 
heart rate and reset determining means for dotcr- 
mining whetlner the ventricular heart rate is reset by 
the atrial stimulation putse whereby the reselUnq ol 
the venit icular heart rate providas an indication t'lal 
the ventncle is tracking the atrium 

JO 

13. A device as claimed in Claim 12 characterised m 
th,it the ventricular stimulalion rrieans applies ven- 
cricuiar stimulalion therapy when the staDilily doler 
mining means determines that the ventricular heart 

-•5 rate IS stable the rate detormimng means deter- 
mines that IhG atrial heart rate does not exceed the 
ventricular heart rate and either the resel determin- 
ing means determines that the ventricular heart rate 
IS not reset by the atrial stimulation pulse or the re- 
sel determining means delermmes that the ven- 
Iricular heart rate is reset by the atrial stimulation 
pulse thereby indicating that the voniricio is track 
ing the atrium and an atrial arrhythmia is present 

14. A device as claimed in Claim 10 or Claim 1 1 char- 
acterised by atrial stimulation means for applying 
atrial stimulation therapy to ihe heart when the sta- 
bility determining means determines that the ven- 
tricular heart rate is not stable and the rale deler- 
mining means determines that the atrial heart rate 
exceeds the vcnlncufar heart rate thereby provid- 
ing an indication that an atrial arrhythmia is present 

1 5. A device as claimed in Claim 1 0 or Claim 1 1 char- 
ts aclerised m that the rate determining means further 

comprises means for determining whether the ven- 
tricular heart rate exceeds a first predetermined 
Ihreshold ventricular fieart rate and means for de- 



5, A device a$cia«med in Claim 4 characienscd m !h.^l 
mc ventricular stimu'ation means applies ventricu- 
la; stimulation therapy when the s!ai:ility detern-n 
tng means deteirnines that the ventricular hcarl late 
IS siaDle the rate determining means determines 
ihci; the atrial heart rale is equal to the ventricular 
heart rate and the reset determining means deter- 
mines that the ventricular hean rate is not reset by -'o 
the atrial stimulation pulse thereby indicating that 
the ventricle is not Kackinq the allium and a ven- 
ir'cular tachycardia exists 



9. A device as claimed in Claim 1 characterised m that ^5 
Iho rate determining means further comprises 
means fordetermining whether the ventricular heart 
rale exceeds a first predetermined threshold ven- 
tricular heart rate and means for deierminirg wheth- 
er the ventricular heart rate exceeds a second pre- 
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*"ic. rcj vvh-jinor ino vonlr .^ulr^r ncnil hjle JX 
■:c-:'CS ^ s^^c.cr.'j pJO'Jc;ef rnif^?d th.'oshcicj ventncj 
irjr ne-^ii '..i'c tha* iS giGdter than iho tusi credotcf 
'^irecl th.-esi".oid vetUficulaf he^i- rate /jhciein irio. 
ve^.lr'cjl.'-^r sl^rr-'jlrttion rncars -ipplies vefnnculH.' :> 
slifnuntiOi"! therapy whenovoi the r=jlo OCtLMrninin.j 
i"0^fi3 deteiTines ihrti t^e venfncui^ir hoari rate ox- 
ci^eds !ne second pfodeterfrmed lhft?shoin vo-v 

A 'J9v)Cl! '=i5 c\ri\mcc in Clrtun 10 ct^.'^factcrisod m 
'JiHl Ine r-^iQ dotormming means futtho' cotnpnscs 
mo^'^s fordetsrmjmng who[hof the vent*icular hcari 
'riro nxcGSds the Htn^^l he-^n r^ie and tne veninrular 
stimulation mer^ns apphes vcnincuiar stimulation 
ihetHpy whon ine rate (Jetefn'Hnir)C) means deter- 
tnir.os t^Vil the vonlncular hejft ralo exceeds the 
.itrirti hcHfl iHle 
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